Preload with crystalloid or colloid solution is widely recommended for the prevention of maternal hypotension during spinal anaesthesia. A combination of simultaneous rapid crystalloid infusion with vasopressor has also been suggested. This study tested the hypothesis that ephedrine infusion with crystalloid loading at spinal anaesthesia would reduce hypotension and alter neonatal outcome compared with fluid preloading.
Spinal block is the most common method of anaesthesia for caesarean delivery but maternal hypotension, the commonest side-effect of spinal anaesthesia, can have detrimental effects on both the mother and foetus 1, 2 . Commonly used methods to prevent or treat maternal hypotension include preloading with fluids (colloid or crystalloid), avoidance of aortocaval compression and administration of vasopressor drugs 3, 4 . The effects of fluid preload have been questioned [5] [6] [7] . Regardless of the fluid administered (colloid or crystalloid), the risk of hypotension is not abolished and a vasopressor drug is often required 6, 7 . No single method has proved to be effective and reliable for the prevention of hypotension during spinal anaesthesia and a combination of simultaneous rapid crystalloid infusion (co-hydration) with vasopressor drug infusion has been suggested 8, 9 . Traditionally, ephedrine is the vasopressor drug used in obstetric anaesthesia 2 . However, Ngan Kee et al 9 report that the use of potent vasoconstrictors such as phenylephrine is a more physiologically appropriate approach to treat vasodilatation-induced hypotension after spinal anaesthesia than the use of ephedrine, the action of which is mainly mediated by cardiac stimulation. Lee et al 1 found no difference between phenylephrine and ephedrine for the management of hypotension (prevention and treatment) in a quantitative systematic review. In our institution, ephedrine is used to treat hypotension associated with regional anaesthesia, so we investigated it in this study. There are also few studies comparing fluid preload with ephedrine infusion after spinal block [10] [11] [12] .
The aim of this study was to compare the effects of crystalloid and colloid loading before spinal anaesthesia, with crystalloid loading plus simultaneous ephedrine infusion after spinal anaesthesia, on maternal hypotension and neonatal outcomes.
MATERIALS AND METHODS
After ethics committee approval and written informed consent, this study was performed in 120 healthy women aged 20 to 40 years who had uncomplicated, singleton, term pregnancy and were scheduled for elective caesarean delivery under spinal anaesthesia. Power analysis based on data from previous pilot studies in our department suggested that 38 patients per group would have 80% power (α of 0.05) to detect a 25% difference in the incidence of hypotension between the ephedrine and the other two groups. Exclusion criteria included chronic or pregnancy-induced hypertension, cardiac disease, diabetes mellitus, height <155 cm, a contraindication to spinal anaesthesia or a known foetal abnormality.
All patients had two cannulae inserted into a peripheral vein -one for drug administration and the other for fluid loading. Antacid prophylaxis consisted of ranitidine 50 mg and metoclopramide 10 mg intravenously one hour before surgery. Prior to transfer to the operation room, baseline systolic blood pressure (SBP) and heart rate (HR) were calculated as the mean of the three recordings in the ward.
The patients were randomly allocated using a computer-generated randomisation list into one of three treatment groups (40 per group) to receive crystalloid preload (CR), colloid preload (CO) or ephedrine infusion plus crystalloid co-load (E). Group CR received a rapid infusion of lactated Ringer's solution 20 ml.kg -1 and group CO 4% succinylated gelatin solution (Gelofusine ® , B. Braun Medical, St Galen, Switzerland) 500 ml within 15 to 20 minutes of the spinal block. Fluid was administered by an anaesthetic nurse who was not otherwise involved in the care of the patients. The patients in Group E received no fluid preload. Crystalloid and colloid volumes were selected based on previous studies 4, 13, 14 . On arrival in the operating room, routine physiological monitoring was applied including electrocardiogram, non-invasive blood pressure, HR and pulse oximeter (Datex-Ohmeda AS/3 Helsinki, Finland). Spinal anaesthesia was performed with the patient in the sitting position using a 26 G Atraucan spinal needle (B. Braun Melsungen, Germany) at the L3-4 or L4-5 interspace. A combination of 0.5% hyperbaric bupivacaine 2 ml (AstraZeneca, England) and morphine 0.1 mg (in 0.5 ml) was given and the patient then repositioned supine with 15° left lateral tilt. Sensory levels were checked by pinprick. After spinal anaesthesia, infusions solutions were immediately started at a rate of 2.5 ml.minute -1 using an infusion pump (Lifecare ® 5000 infusion system, Abbott, Ireland). These solutions, prepared by an anaesthetic nurse who was independent of the study, contained 50 mg of ephedrine in 100 ml normal saline (i.e. 1.25 mg.ml -1 ) (group E) or placebo (groups CR and CO). All patients received an infusion of lactated Ringer's solution 1 litre given either rapidly (group E) or at a minimal maintenance rate (groups CR and CO) via the second cannula. Lactated Ringer's solutions in all groups were covered by a similar non-transparent plastic bag in the perioperative period. The anaesthetist did not enter the operating room until the study solutions had been given so that those recording data were unaware of the study group allocation.
Maternal systolic blood pressure and heart rate were recorded every minute for 10 minutes after the intrathecal injection, at two-minute intervals for the next 10 minutes and at five-minute intervals thereafter. Systolic blood pressure was chosen to define hypotension because many investigators believe that spinal sympathectomy primarily affects systolic pressure 3 . Moderate hypotension was defined as a decrease of 20% from baseline or an SBP <95 mmHg and severe hypotension as a decrease of 30% from baseline. Hypotension was treated immediately with an intravenous bolus of ephedrine 5 mg from a separate syringe, repeated when necessary, every two minutes if hypotension persisted or recurred. Maternal bradycardia was defined as a HR <50 beats/minute and was treated with intravenous atropine 0.5 mg. Maternal tachycardia was defined as a HR >120 beats/minute and hypertension as an increase in SBP >30% above baseline 4, 11 . The infusion was stopped if the SBP and HR increased above the baseline values. The duration of surgery (skin-to-skin), the times from the induction of spinal anaesthesia to delivery, from skin incision to delivery of the infant and from the uterine incision (hysterotomy) to delivery were recorded. The patients were evaluated for minimum and maximum SBP, incidence of hypotension, duration of hypotension, onset time of hypotension and adverse effects such as nausea and vomiting. Intraoperative pain ≥40 mm on a visual analogue scale of 0 to 100 mm was an exclusion criterion. After delivery, 5 IU oxytocin was given by slow intravenous injection. The attending paediatrician assessed Apgar scores at one and five minutes after delivery and neonatal outcome was assessed by measuring pH, PCO 2 , PO 2 values and lactate concentration in umblical arterial and venous blood samples. The umbilical blood samples were taken by the same midwife in the operating room and a Stat Profile ® CCX blood gas analyser (Nova Biomedical, USA) was used for the blood gas analysis by a technician.
Statistical analysis was performed with the SPSS (SPSS for Windows Release 13.0) Statistical Package. The results are presented as mean ± standard deviation, median (range) or n (%) as appropriate. Patients' characteristics, anaesthesia and surgical characteristics, umbilical blood gas analysis, onset of hypotension and duration of hypotension among the groups were compared using one-way analysis of variance followed by Bonferroni correction. For haemodynamic changes within the groups, repeated measures analysis of variance followed by post hoc Bonferroni tests were performed. Apgar scores and ephedrine doses were analysed by Kruskal-Wallis and Mann-Whitney U tests. The incidence of hypotension and adverse effects were analysed using χ 2 and Fisher's exact test. A P value <0.05 was considered statistically significant.
RESULTS
One hundred and twenty patients were initially investigated but one patient in group CR was excluded from the study due to an inadequate spinal block. There were no significant differences among the three groups with regard to patient characteristics, anaesthesia and surgical times ( Table 1 ). The level of sensory block was adequate in all patients analysed and the block heights were similar among groups.
All groups had similar baseline SBP and HR. Serial SBP and HR values for 25 minutes after onset of spinal anaesthesia among groups are shown in Values are mean ± standard deviation or median (range). CR=crystalloid preload, CO=colloid preload, E=ephedrine infusion plus crystalloid co-load. Figures 1 and 2 . SBP in group E was significantly higher than group CR at all measurements and than group CO at 1, 2, 5, 7 and 10 minutes but there was no significant difference between groups CR and CO until the 18th minute. HR values in group E were higher than group CR (from one to five minutes and at eight minutes) and from group CO at 16 minutes. On intragroup comparison, SBP decreased in comparison with the baseline from the third minute until delivery in group E and from the first minute until delivery in groups CR and CO. Heart rate decreased only in group CR (at 12 to 16 minutes). One patient in group CR and two patients in group CO required atropine for bradycardia (P=0.36).
The incidence of hypotension (both moderate and severe) in group E was less than in the other two groups. Although the lowest SBP value after spinal block was significantly greater in group E than in other groups, the onset and duration of hypotension were similar among groups. The ephedrine dose to treat hypotension was less in group E, with six patients requiring treatment (two received 10 mg by two 5 mg boluses). The maximum SBP was significantly different among groups but did not exceed 30% above baseline in any group (Table 2) .
Umblical cord pH, PCO 2 and PO 2 values, umblical lactate concentration and Apgar scores at one or five minutes were similar among groups ( Table 3) . Nausea occurred more frequently in group CR than in group E (P=0.005). There was no vomiting in group E but the incidence did not significantly differ among groups (Table 2 ).
DISCUSSION
The results of our study indicate that ephedrine infusion with 1 litre of crystalloid co-load is more effective than either crystalloid or colloid preload alone in preventing moderate or severe hypotension in this setting. The groups had similar neonatal outcomes.
Prehydration with crystalloid or colloid before spinal anaesthesia has been widely used. Colloids are more effective in maintaining arterial blood pressure than crystalloids because they augment the intravascular volume better than crystalloids [15] [16] [17] .
The use of different volumes and types of colloid (albumin, hydroxyethyl starch, dextran, pentastarch or modified gelatine) and different definitions of hypotension make study comparison difficult 4,18-21 . Vercauteren et al 21 compared hydroxy-ethyl starch (HES) 6% with modified gelatin and found HES 6% was more successful in preventing maternal hypotension and the incidence of hypotension appears lower when larger colloid volumes are given 14, 20 . For example, Davies et al 20 demonstrated that patients given 5 ml.kg -1 pentastarch solution had more hypotension than those given 10 ml.kg -1 . The potential risks of a large volume of colloid include excessive haemodilution, pulmonary oedema and paradoxical accentuation of hypotension secondary to atrial natriuretic peptide release 20 . Other disadvantages are cost and anaphylactoid reaction 7 . Dahlgren et al 15 argued that the modest reduction in hypotension does not justify the use of colloid. We found no difference in the incidence of moderate and severe hypotension between crystalloid and colloid groups, which may be explained in part by differences in methodology from other studies such as the volume and type of fluid, intrathecal drug doses, vasopressor regimens and definitions of hypotension 4, 14, 20 . Gelofusin was chosen because it is routinely used in our institution and has a relatively short intravascular half-life that is well-matched to the usual duration of surgery for caesarean delivery 20 .
Due to the inconsistent effect of crystalloid preload and the disadvantages of colloid, some authors opt for aggressive vasopressor therapy instead 22 . Although ephedrine is still commonly used in obstetrics 2 , other vasopressor drugs such as phenylephrine, metaraminol and mephentermine are also used because of their efficacy and the foetal acidotic effect of ephedrine 3, 9, 23 . Kansal et al 3 found ephedrine and mephentermine infusions resulted in similar neonatal acid-base status but phenylephrine appears to have less effect than ephedrine on foetal pH and Apgar score 6, 9 . The delivery of ephedrine (by bolus or infusion), its dose and timing are important factors for efficacy and neonatal outcome 11, 13 . Intravenous infusion provided better control of arterial pressure and foetal pH than intravenous bolus 13 . Chan et al 10 compared ephedrine infusion (0.25 mg.kg -1 ) with crystalloid preloading and reported severe hypotension was less frequent in the ephedrine group. Compared with our study, less fluid (about 600 ml) was used, the dose of opioid and local anaesthetic was greater, patients were shorter in stature and the level of sensory block was higher, so their incidence of hypotension in the ephedrine group was higher. Values are mean ± standard deviation. CR=crystalloid preload, CO=colloid preload, E=ephedrine infusion plus crustalloid coload.
Rapid intravenous co-hydration is more effective than prehydration, so co-hydration with crystalloid and vasopressor is now often used 6, 9, 24, 25 . Crystalloid co-hydration also suffers from rapid redistribution but fluid administration can be timed with anaesthesia to achieve maximum increase in intravascular volume as vasodilatation occurs 9 . Few studies to date have used both co-loading and vasopressor 8, 9, 11 . In a study similar to ours, Desalu et al 11 compared fluid preload of 0.9% saline (1 litre) alone with an infusion of ephedrine 30 mg in 1 litre of 0.9% saline and reported that SBP in the ephedrine group was greater than in the preload group. Hypotension occurred most frequently at five minutes after spinal anaesthesia in the preload group compared with at 10 minutes in the ephedrine group but the duration was similar and usually less than five minutes. Our results were similar, although moderate or severe hypotension was higher in our ephedrine group (30% vs 10% and 13% vs 5%, respectively), despite their greater ephedrine dose (39 mg). These investigators gave ephedrine via a standard intravenous infusion set, which in comparison with an infusion pump has been reported to result in higher mean ephedrine requirement because of the manual adjustments needed. In addition, we measured the blood pressure more frequently.
An alternative approach to co-hydration is the use of colloid, which is retained within the intravascular space for longer. A study 26 comparing colloid preload versus colloid co-load reported no significant differences between the groups in the incidence of hypotension (68% in preload and 75% in co-load), ephedrine and phenylephrine dose or number of doses. The authors argued that because the sympathetic block occurs within minutes of the initiation of spinal anaesthesia, the time of maximum intravascular volume expansion from a colloid coload may not correspond to the period of maximum haemodynamic change.
Nausea and vomiting often accompany hypotension. In our study, few patients, except for a small number of those in groups CR and CO who had persistent hypotension, experienced nausea and vomiting, probably because the duration of hypotension was usually less than four minutes and treatment was rapid.
In addition to umbilical arterial pH and base excess, umbilical cord lactate is an indicator of foetal stress in labour 13, 27 . Loughrey 28 investigated the effects of different doses of ephedrine (6 or 12 mg) or placebo and no differences were observed in occurrence of neonatal acidaemia between groups. In a study of an ephedrine infusion compared with fluid preload 10 , there were no significant differences in umblical arterial pH between groups, but umblical venous blood was more acidotic in the fluid group, possibly due to reduced placental flow secondary to a higher incidence of hypotension.
Phenylephrine has less effect than ephedrine on foetal pH and Apgar score 6, 9 , but prophylactic administration is not completely successful in preventing hypotension and maternal bradycardia may occur 2 . There may be several reasons why we found no differences in umbilical arterial pH. First, most parturients had short periods of hypotension. After hypotension of less than two minutes, the acidbase status of the neonate remains within normal limits 7, 29 , so most studies in which hypotension is recognised and treated promptly report no change in neonatal outcome 10, 18, 21, 22 . Second, although our parturients received ephedrine infusion, we may not have observed low umbilical artery pH because of the short spinal-to-delivery interval compared with other studies. Cooper et al 8 observed a higher incidence of foetal acidosis with ephedrine and noted that longer spinal-delivery intervals increase the risk of foetal acidosis when ephedrine was administered, but not when phenylephrine was used. They also used a higher concentration of ephedrine (4.5 mg.ml -1 ) than we did, and had a longer spinal anaesthesia-to-delivery interval in their ephedrine group (32 vs 19 minutes in our study). Lastly, the uterotomy-to-delivery interval and induction-to-uterotomy interval can affect umbilical arterial pH and are probably more important if hypotension is treated effectively 15 . A uterine incision-to-delivery time longer than three minutes has been associated with an increased incidence of low umbilical cord pH and low Apgar scores 15, 27 and in our study the interval was usually approximately 1.5 minutes. A limitation of this study was that we did not investigate the correlation between umblical artery pH and spinal-delivery interval, uterine incision-delivery interval, total ephedrine dose or duration of hypotension by means of regression analysis, as did Cooper et al 8 .
In our unit we administer 1 litre crystalloid plus ephedrine 20 to 25 mg at the time of initiation of anaesthesia and continue this until delivery. Audit suggests the incidence of hypotension in parturients has decreased compared with our previous approach of prehydration plus a bolus of ephedrine. In this study of healthy, term, pregnant women we found that rapid crystalloid administration (1 litre) combined with ephedrine infusion at 1.25 mg.minute -1 after spinal anaesthesia reduced the incidence hypotension without reactive hypertension or tachycardia, compared with fluid preloading prior to elective caesarean delivery. The onset and duration of hypotension and neonatal outcome did not significantly differ among the groups. In the absence of phenylephrine or other vasopressors, lowdose ephedrine infusion with crystalloid co-loading may be used to prevent spinal anaesthesia-induced hypotension at caesarean delivery.
